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Characterization of glioma heterogeneity based on terahertz spectroscopy
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Abstract: By revealing the THz spectral characteristics of glioma and contralateral normal brain
tissue, and analyzing the spectral differences in tumor space, this study provides theoretical support for
non—invasive tumor diagnosis. Using an orthotopic U87 glioma cell tumor-bearing mouse model,
terahertz spectroscopy is employed to characterize the absorption properties of the glioma lesion area and
the contralateral brain tissue. Single—factor Analysis Of Variance(ANOVA) and Tukey's Honestly
Significant Difference(HSD) post hoc test are adopted to assess the significant differences in specitral
absorption between different layers of the tumor. Immunofluorescence results show differences in cell
proliferation ability and vascular density in the glioma lesion area. THz spectral analysis indicates that
above 2 THz, the absorption coefficient of the tumor area is significantly higher than that of normal brain
tissue, especially with the peripheral surrounding area (L(6-7)) having a higher absorption coefficient
than the tumor enhancement area (L(1-2)). ANOVA analysis confirms that the spectral absorption
differences between different layers of the tumor are statistically significant(p<0.05), and Tukey's HSD
test further confirms the specific differences between each layer within the tumor. Homogeneity of
variance test shows significant heterogeneity within the tumor layers, while the normal brain tissue area
exhibits more consistent spectral characteristics. The study demonstrates that terahertz spectroscopy can
effectively identify the internal heterogeneity of glioma, especially the absorption differences between
the lesion center and the infiltration area, providing important evidence for noninvasive tumor diagnosis
and showcasing its application potential.
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Fig.1 Diagram of optical path
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Fig.2 Model of orthotopic transplantation tumor of mouse
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Fig.3 Immunofluorescence staining
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Tablel One-way ANOVA analysis of the differences in raw and smoothed terahertz spectra between tumor regions and

contralateral normal regions in tissue slices of different layers

Jayer raw smoothed tumor area raw vs. smoothed contralateral normal raw vs. smoothed
tumor area contralateral normal area tumor area contralateral normal area t P t P
1 436.10+206.37 328.31+110.13 436.00+204.45 328.26+108.73 0.007 0.994 0.007 0.994
2 402.20+225.30 288.49+163.78 402.32+223.88 288.67+161.19 -0.008 0.993 -0.016 0.987
3 404.74+156.93 168.58+130.78 404.78+156.36 168.69+130.01 -0.004 0.997 -0.013 0.989
4 288.33+82.67 244.39+124.80 288.37+82.04 244.41+124.15 -0.007 0.995 -0.003 0.997
5 238.14+159.42 186.42+155.75 238.27+158.66 186.55+155.24 -0.012 0.990 -0.013 0.990
6 275.15+152.11 333.28+193.55 275.15+151.27 333.36+193.14 0 1.000 -0.007 0.995
7 330.78+145.74 132.84+66.26 331.02+142.29 132.88+65.98 -0.026 0.979 -0.011 0.991
F 95.493 149.330 97.003 151.311 - - - -
P <0.001 <0.001 <0.001 <0.001 — — — —
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Fig.4 Terahertz characteristics of tumor and normal regions
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Table2 One-way ANOVA analysis of the differences in terahertz spectra between tumor and contralateral normal regions at different tissue slices

layer £roup - t P
tumor area contralateral normal region
1-2 419.16+207.26 263.32+115.63 -14.084 <0.001
3-5 310.47+125.12 199.89+134.89 -12.890 <0.001
6-7 303.09+140.46 233.12+128.38 -7.886 <0.001
F 74.405 <0.001

p 28.905 <0.001
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